Introduction
Gap junctions are formed by plaques of functionally assembled intercellular channels which are responsible for direct communication between the cytosols of adjacent cells in the form of ions and secondmessenger molecules. These channels are formed as two hexameric hemichannels of connexin (cnx) subunits that interlock head-on [ 1-61, Connexiris form an extensive family of well conserved proteins, which exhibit differential expression in a given tissue [7] . Thus, cnx-26 and cnx-32 are the two species expressed in adult liver.
Assembly and disassembly of gap junctions occur very rapidly, and a half-life of 1-2 h for a connexin molecule has been measured (see [8] and references therein). This would be particularly true of tissues undergoing fast growth and morphogenesis, which would exhibit dramatic changes in the number of mitotic cells 191.
Iittle is known about the pathways for assembly and disassembly of gap-junction channels. It is evident, however, that such complex processes have to be highly regulated. We have proposed that proteolytic cleavage of connexins by calpain could be relevant for the concomitant and/or subsequent disassembly of gap junctions. Thus, phosphorylation of connexin by protein kinase C (PKC) may play a prominent regulatory role in this process, preventing unwanted connexin degradation [ 101.
Conversely, connexin dephosphorylation could be a signal for the initiation of gap junction disassembly [ l o ] . We now describe that the protective effect mediated by phosphorylation by PKC is efficiently spread to neighbouring non-phosphorylated connexin molecules.
Experimental
Membrane fractions from male Swiss albino mice liver were prepared as previously described [lo] , and gap junctions were prepared from these membranes by an alkali precipitation step and sucrose [lo] . A striking differential effect was found when the phosphorylation was done using PKA or PKC. Thus, phosphorylation by PKC but not by PKA efficiently prevents proteolysis of phosphoconnexin-32 (P-cnx-32) by either calpain isoform We also determined the amount of cnx-32 proteolysed by different amounts of m-calpain before and after phosphorylation with either PKA or PKC (Figure 2) . In all cases, proteolysis of PKCphosphorylated cnx-32 was significantly lower than proteolysis of PKA-phosphorylated or unphosphorylated cnx-32. No significant differences were found in extent of proteolysis when cnx-32 was phosphorylated by PKA.
Comparison between protein kinases
We judged that the protection of cnx-32 molecules induced by phosphorylation by PKC amounted to 6900-8500 fmol of cnx-32. Therefore, we decided to evaluate the molar stoichiometry of phosphorylation in both cases, to see whether the degree of phosphorylation differed for different protein kinases. The stoichiometry was low in both cases, even after 30 min of phosphorylation, and of similar magnitude to that described by others [16] . Furthermore, the phosphorylation stoichiometry with PKC was even lower (0.005 mol PO$-bound/mol of cnx-32) than with PKA (0.022 mol PO:-bound/ mol of cnx-32). These experiments raise the possibility that phosphorylation by PKC of only a fraction of cnx-32 molecules also protected a large number of unphosphorylated cnx-32 molecules against proteolysis. To ascertain this possibility, we performed a series of stoichiometric phosphorylation experiments where we determined the ratio of protected non-phosphorylated cnx-32 molecules to protected PKC-phosphorylated cnx-32 molecules after treatment with p-calpain or m-calpain. As shown in Table 1 , the total number of non-phosphorylated cnx-32 molecules protected against proteolysis by either calpain isoform was far higher (1 9-133-fold) than the number of phosphorylated cnx-32 molecules present in the preparations. Additionally, we determined that the non-phosphorylated cnx-32/P- Table I ~n e protective effect of PKC phosphorylation of cnx-32 against proteolysis by p-or rn-calpain spread to neighbouring non-phosphorylated cnx-32 molecules
The indicated amount of mouse liver cnx-32 was phosphorylated by PKC or PKA as described in the legend t o Figure I The phosphorylated preparations were treated with p -or m-calpain as indicated and the protective effect produced by PKC was measured in the phosphorylated and non-phosphorylated cnx-32 molecules using as a control the experiment performed with PKA The protection ratio is defined as amount of non-phosphorylated cnx-32 (mol)/amount of phospho-cnx-32 (mol) 
Effect of different parameters on the non-phosphorylated cnx-32/phospho-cnx-32 protection ratio
( a ) The non-phosphorylated cnx-3Uphospho-cnx-32 protection ratio is plotted against the total amount of cnx-32 used in the assay system The data are derived from Table I 
Introduction
Redox reactions in living organisms constitute the ultimate source of energy for all of their biological functions. In these processes, the electrons are taken up from reduced substrates and transferred by a mechanism that involves, in many cases, protein-protein interactions. Flavoproteins are among the most important components of these electron-transfer chains, participating as they do in photosynthesis, respiration, microsomal electron transfer, nitrogen fixation, and other biosynthetic and degradative reactions. These proteins contain a Abbreviations used: dKf, 5-deazariboflavin; FNK, ferredoxin:NADP + reductase. $To whom correspondence should be addressed. tightly bound flavin group, which is bright yellow in colour in its oxidized state and bleaches when it becomes reduced. The reduction can take place in a single step, in which the uptake of two electrons at one time produces the hydroquinone form of the flavin, or in two sequential steps, each involving the uptake of one electron, in which case the intermediate semiquinone is formed. This characteristic change in the colour of flavoproteins, which is dependent on their redox state, makes it possible to follow their participation in enzymic reactions by simply monitoring A4s0, an increase of which is a measure of the reduction of the oxidized form. The reaction can also be followed at 600 nm, where the semiquinone form exhibits maximal absorbance. This unique ability of flavoproteins to exchange
